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TITLE 

Laminate-Based Apparatus and Method of Fabrication 
INVENTOR 

Robert W. Steenberge, residing at 16540 Cone Paulina, Poway, California 92064 
5 CROSS REFERENCE TO RELATED APPLICATIONS 

Not Applicable 

FEDERALLY SPONSORED RESEARCH 

Not Applicable 

TECHNICAL FIELD AND INDUSTRIAL 
10 APPLICABILITY OF THE INVENTION 

The present invention relates to electromechanical devices having laminate 
structures and methods for fabricating such devices. More particularly, the present invention 
relates to laminate-based electromechanical relay devices and methods for fabricating such 
relays. However, the present laminate-based fabrication method may be suitably adapted for 
15 use in connection with the design and fabrication of a wide variety of laminate-based 
electromechanical devices. Accordingly, an example of a possible application of the 
laminate-based fabrication method and apparams of the present invention includes the design 
and fabrication of high frequency range electromechanical relay devices. 

DESCRIPTION OF THE INVENTION BACKGROUND 
20 Conventional electromechanical devices, such as electromechanical relays, 

have traditionally been fabricated one individual device at a time, by cither manual or 
automated processes. The individual devices produced by such an "assembly-line" type 
process generally have relatively complicated structures and exhibit high unit-to-unh 
variability. Such variability is undesirable because it limits the repeatability of performance 
25 from unit-to-unil. In particular, in the case of relays used to switch high frequency signals, 
such variances in physical geometry may result in changes in the device's inductance and 
capacitance, rendering such a device undesirable. While conventional electromechanical 

I 
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relays can be designed to reduce unit-to-unit variability, the resultant device is typically more 
costly to manufacture. Conventional electromechanical relays are also relatively large when 
compared to other electronic components. Size becomes an increasing concern as the 
packaging density of electronic devices continues to increase. Combined, these shortcomings 
5 render such conventional electromechanical relay devices undesirable. 

A number of efforts at combating these and other shortcomings have focused 
on fabricating electromechanical devices, such as electromechanical relays, using silicon- 
based microfabrication techniques. Microfabrication, also known as micromachining. 
commonly refers to the use of known semiconductor processing techniques to fabricate 

10 devices known as microelectromechanical systems (MEMS) devices. Typical MEMS 
devices include motors, actuators and sensors. In general, known MEMS fabrication 
processes involve the sequential addition or removal of layers of material from a substrate 
layer through the use of thin film deposition and etching techniques until the desired structure 
has been achieved. Accordingly, MEMS devices typically function under the same principles 

15 as their macroscale counterparts. However, advantages in design, performance, and cost 
typically are also realized due to the great decrease in scale MEMS devices offer over their 
macroscale counterparts. In addition, due to the batch fabrication techniques employed to 
fabricate MEMS devices, significant reductions in unit-to-unit variation and per unit cost are 
also typically realized. 

^° ^''o^*' MEMS fabrication techniques have been largely derived from 

the semiconductor industry. Accordingly, such techniques allow for the fomation of a 
variety of micromechanical structures using adaptations of patterning, deposition, etching, 
and other processes that were originally developed for semiconductor fabrication. In general, 
these processes start with a wafer of silicon, glass, or other inorganic material. Multiple 

25 devices are then fabricated from the wafer through sequential addition and removal of layers 
of material using such techniques. Once complete, the wafer is sectioned (diced) to form the 
multiple individual MEMS devices (die). The individual devices are then fitted with external 
packaging to provide for electrical connection of the devices into larger systems and 
components. Again, the processes used for external packaging of the MEMS devices are 

30 analogous to those used in semiconductor manufacturing. 



-2 
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As an example, in the case of the moving contact of a MEMS relay, the 
moving contact may be formed using either surface micromachining techniques, bulk 
micromachining techniques, or a combination of the two techniques. In an example of 
surface micromachining techniques, an underlying layer, formed from an electrically 

5 conducting metal such as copper or gold, is defined, patterned, and deposited on the surface 
of a substrate typically formed from silicon, glass, or quartz. Through a photoresist process, a 
beam structure, typically formed from nickel or gold, is defined, pattemed, and deposited on 
the surface of the underlying layer. The photoresist sheet is then removed, forming the actual 
structure of the beam. After the portion of the underlying layer that sits beneath the beam 

10 structure has been etched away, the resultant freestanding beam forms the moving contact of 
the relay. In an example of bulk micromachining, a free standing beam is formed from the 
layer of conducting material by deep etching of the underlying silicon, glass, or quartz 
substrate. The resulting beam structure is then plated with a layer of electrically conducting 
metal such as gold or copper. The resultzint freestanding beam forms the moving contact of 

15 the relay. 

MEMS devices have the desirable feature that multiple MEMS devices, or die, 
may be produced simultaneously in a single batch by processing many individual components 
on a single wafer. For example, using either surface or bulk micromachining, numerous 
individual relay devices may be formed on a single wafer of silicon. Once fabrication is 

20 complete, the substrate is typically diced to produce individual die. Each die typically 

contains a single relay. The individual relays may then be packaged in the same manner as 
semiconductor, for example, on a lead frame or chip carrier. Accordingly, the ability to 
produce numerous devices in a single batch results in a cost savings over the "one out" or 
^'assembly line" style typically used by macro scale production techniques. The use of batch 

25 processing also increases the throughput of the MEMS fabrication process, while decreasing 
the overall variation between the individual die fabricated in each batch. In the specific 
example of electromechanical relays fabricated using MEMS fabrication techniques, batch 
processing has the advantage of increasing the uniformity of MEMS relay devices, decreasing 
the size of the devices, and reducing the cost associated with the fabrication and processing of 

30 the devices. 
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However, MEMS fabrication techniques are not without their drawbacks In 
the example of electromechanical relays, the physical properties of the silicon, quartz, and 
glass substrates on which the MEMS relay devices ar^ typically fabricated are not well suited 
in general to the demands placed on them by the design of an electromechanical relay In 
particular, it is important to the operation of an electromechanical relay that the contacts on 
the relay be fully isolated when the relay is in the open position, such that no signal is carried 
across the relay, and that there be no isolation or resistance between the contacts when the 
relay .s in the closed position, such that the signal is carried undistorted across the relay Due 
to the reduced scale of MEMS devices, and the materials and processes used in MEMS 
fabrication, MEMS devices do not easily lend themselves to vertical processing 
Accordingly, the physical spacing, and thus the signal isolation, between the contacts in a 
MEMS relay is often insufficient to fully isolate the contacts when the relay is in the open 
position. Thus, MEMS relays often exhibit an unacceptable flow of current across the 
contacts when the relays are in the open position. TOs p^blem is particularly apparem when 
the relays are used to switch high frequency signals. The ability of MEMS relays to operate 
at high frequencies may also be reduced by the didectric properties of the material employed 
to fabricate the MEMS relay. Silicon, for example, has a relatively high microwave loss 
tangent, thereby limitingthe performance at high f«quencies of devices formed from silicon. 

Further, particularly in many high frequency applications, it is desired that a 
relay behave as a controlled impedance structure. In particular, when relays, or other 
electromechanical devices, are intended for operation at very high frequencies, the electrical 
parameters of the structures from which the relay is constructed (e.g. resistance, inductance 
and capacitance) will affect the overall frequency response of the relay. For a given 
frequency, or over a given range of frequencies, the impedance of a relay is determined by 
these electrical parameters. Thus, given the variations in material and construction between 
the electromechanical structures from which a relay is constructed (e.g. input connections, 
movmg contact, stationary contact, output connections, etc.), each of the structures from 
wh.ch the relay is constructed may exhibit a different impedance. Such variations in 
.mpedance at the transition points between the various structures of the relay (typically called 
• mrsmatches") can adversely affect performance of the relay at certain frequencies. For 
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example, over a given range of frequencies, a mismatch may cause the signal carried by the 
relay to become attenuated and/or the waveform of the signal to become distorted, thus 
rendering the relay unsuitable for certain applications. 

In traditional macroscale relay devices, such mismatches are avoided by 
5 choosing the materials from which the relay is constructed so as to minimize the variations in 
impedance throughout the various structures of the relay for the range of frequencies at which 
the relay is to be operated. For example, the input and output connections may be formed as 
a transmission line structure in which the impedance of the signal conductor is referenced to 
the impedence of the ground conductor. Examples of common transmission line structures 
10 include: (a) Coaxial, in which the signal conductor is the center conductor, and the ground an 
outer shield and the center conductor is separated from the shield by dielectric material; (b) 
Microstrip, in which the signal is carried on a rectangular cross-section conductor separated 
from a ground plane layer by dielectric material; (c) Stripline, in which the signal conductor 
is sandwiched between two ground planes (with dielectric separation); and (d) Co-planar 
15 waveguide, in which the signal conductor and two parallel adjacent ground conductors are 
patterned on the same dielectric substrate. The ideal transmission line has a characteristic 
impedance that is independent of the location along the transmission line. As such, a 
macroscale relay device that is to be operated over a range of high frequencies will ideally be 
designed to exhibit a specific impedance over the range of frequencies of operation 
20 throughout its entire transmission line. Such a transmission line structure is commonly 
referred to as a controlled impedance structure. 

However, MEMS devices may be fabricated on only a limited number of 
substrate materials. As previously noted, such materials often exhibit unacceptable 
performance characteristics when used in devices designed to frmction at high frequencies. 
25 Thus, such devices often require additional or secondary packaging to overcome these 

shortcomings in performance. The need for secondary packaging represents a significant 
disadvantage to the use of MEMS fabrication techniques in relay applications. In particular, 
after MEMS relay devices have been processed, the individual die are typically each 
transferred to a separate substrate or lead frame. The lead frame provides for the electrical 
30 connection of the relay to other devices by, for example, a ball grid array or a pin grid array. 

- 5- 
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This secondary packaging step is highly undesirable due to the additional cost of the lead 
frame and packaging step, such cost will often exceed the cost of the relay itself. In addition, 
the potential yield loss in the resulting packaged device and the potential performance 
limitations that may result in the packaged device due to the creation of impedance 
5 mismatches between the device and the package are also quite undesirable. 

The present invention is thus directed to a method of fabricating 
electromechanical devices such as relays, which addresses, among others, the above- 
discussed needs and provides a low cost electromechanical device that exhibits consistent and 
superior performance and operation at increased frequency ranges when compared with 
10 currently available devices. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, there is provided a method of 
fabricating laminate-based electromechanical devices and the laminate-based 
electromechanical devices resulting therefrom. Unlike the known methods of fabrication of 
15 MEMS devices, the laminate-based fabrication method of the presem invention includes 

fabricating component electromechanical structures of an electromechanical device from ' 
individual layers of laminate material using, for example, materials and processes from the art 
of semiconductor and printed circuit board manufacturing, followed by the joining of the 
individual layers of laminate material to form a unitary laminate electromechanical device. 
Additionally, the present invemion is directed to a method that includes joining individual 
layers of laminate material to form a unitary laminate structure, followed by the fabricating of 
an electromechanical device from the unitary laminate structure using, for example, processes 
from the art of semiconductor and printed circuit board manufacturing. The presem invention 
is further directed to a method of fabrication that employs various combinations of fabricating 
the component electromechanical structures of an electromechanical device from individual 
layers of laminate material using, for example, materials and processes from the art of printed 
circuit board manufacturing, and combining the individual layers of laminate material to form 
a unitary laminate electromechanical device. When applied to the fabrication of 
electromechanical relays, the present invention thus allows for greater optimization of the 
materials used in the fabrication of the device so as to allow the device to perfomi as a 
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controlled impedance structure over a range of high frequencies. The present laminate 
construction technique also results in an electromechanical device that includes integral 
packaging and thus does not require secondary packaging operations. 

In the case of a laminate-based electromechanical relay device fabricated using 

5 the method of the present invention, an embodiment of that method involves the fabrication 
and sequential lamination of component electromechanical structures, including, for example, 
conductors, contacts, and actuators, formed from individual layers of dielectric materials, to 
form a unitary three-dimensional laminate structure. In particular, actuators, leads, 
connectors, conductors, contacts, and other electromechanical structures of the relay may be 

10 defined by subtractive processes known in the art of semiconductor and printed circuit board 
fabrication, such as, for example, photodefinition and etching of an electrically conducting 
material clad on a layer of laminate material. Alternatively, such electromechanical 
structures may be formed by additive processes known in the art of semiconductor and 
printed circuit board fabrication, such as, for example, deposition of an electrically 

15 conducting layer on a layer of laminate material. Further fabrication processes known in the 
art of semiconductor and printed circuit board fabrication, including, for example, laser 
ablation or drilling, may also be employed to create such electromechanical structures. 

The present laminate based fabrication method thus represents an 
improvement upon existing fabrication methods by permitting for the use of a wider range of 

20 materials and thereby increasing the range of materials that may be used to optimize the 
performance and current carrying capacity of the device for use in high frequency 
applications. 

The present laminate-based fabrication method represents a further 
improvement upon existing fabrication methods by increasing the ability to use vertical 
25 processing to fabricate laminate based electromechanical devices having layers of increased 
thicknesses, and thereby increasing the physical separation and electrical isolation between 
layers. 

The present laminate-based fabrication method represents yet another 
improvement over existing fabrication methods by providing the ability to fabricate 

- 7- 
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electromechanical devices having electrical contact surfaces of increased size and, therefore, 
increased current carrying capacity. 

The present invention provides still another advantage over existing 
fabrication methods by allowing for fabrication of laminate-based electromechanical devices 
of a variety of transmission line structures that incorporate integral packaging of input/output 
connectors within the electromechanical device itself, thus eliminating the need for secondary 
packaging of the relay with input/output connectors. 

The present invention represents another advantage in that it may also be 
utilized to imbed electromechanical devices directly into larger multifunctional circuits and 
components during the fabrication process, thereby eliminating the need for ancillary 
processing and assembly. As such, the laminate-based electromechanical device fabricated of 
the present invention is self-packaging. 

The present laminate based fabrication method provides a further advantage by 
allowing for the batch fabrication of multiple individual laminate-based electromechanical - 
devices, of either identical or differing design, on a single laminated panel. The present 
invention additionally provides for the batch fabrication of multiple devices as part of a single 
componem that contains various other laminate-based electromechanical devices that may be 
either electrically linked or unlinked. 

The present invention also provides for the concurrent batch fabrication of 
multiple electromechanical devices electrically linked together in various arrangements to 
form a single component, such as a switch matrix. Thus, the present laminate-based 
construction method readily provides for three-dimensional intercomiection of 
electromechanical devices. 

The present invention thus provides another advantage because tiie surface 
area of the wafer on which the devices are fabricated need not be devoted to use by electrical 
interconnections. Thus, laminate structures, in which certain layers of die structure are 
dedicated to, for example, intercomiection of the devices in the adjacent layers, are possible 
and the surface area of the wafer that may be occupied by the devices themselves is increased. 

The present laminate-based fabrication method provides yet another additional 
advantage over existing MEMS fabrication meUiods by providing for the simultaneous 
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fabrication of a relatively greater number of individual electromechanical devices in a single 
batch. Such advantage arises due to the increased available surface area of a typical printed 
circuit board panel relative to a typical substrate wafer used by other fabrication methods, 
where the size of a panel may be an order of magnitude greater than the other substrate. 

5 Thus, because a greater number of relays can be fabricated simultaneously on a single panel, 
the present laminate-based device provides economic advantages with respect to its existing 
counterparts by offering a reduced per unit cost. 

Still additional economic advantages result from the present invention due to 
the relatively low costs associated with printed circuit board processing techniques as 

10 compared with other processing techniques. The laminate-based relay device thus achieves 
the advantages of mass production offered by existing fabrication methods, while providing 
additional versatility and potential economies. 

Accordingly, the present invention provides for an improved method of 
fabricating electromechanical devices and results in laminate-based electromechanical device 

15 having improved function in, for example, high-frequency relay applications. In particular, 
the present invention provides for a method of fabricating a laminate-based relay device 
resulting in a laminate-based relay device capable of improved operation at high frequencies. 
The reader will appreciate these and other details, objects, and advantages of the present 
invention upon consideration of the following detailed description of embodiments of the 

20 invention, and may also comprehend such details, objects, and advantages of the invention 
upon practicing the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings, embodiments of the present invention are 
shown, wherein like reference numerals are employed to designate like elements and wherein: 
25 FIG. 1 is a top view of an embodiment of the present invention comprising a 

single-pole single-throw relay device fabricated using a method of the present invention 
provided with input/output connections; 

FIG. 2 is a partial cross-sectional side view, taken along the line A-A in FIG. 
1, of the relay device shown in FIG. 1, shown in an open position; 

.9. 
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FIG. 3 is another partial cross-sectional side view taken along the line A-A 
FIG. 1 . of the relay device shown in FIG. 1, and shown in a closed position; 

FIG. 4 is a top view of anotiier embodiment of the present invention 
comprising a single-pole single-throw relay device fabricated using a method of the present 
mvention, having opposing input/output connections and a cover; 

FIG. 5 is a cross-sectional side view, taken along the line B-B in FIG. 4, of the 
relay device shown in FIG. 4; 

FIG. 6 is a partial cross-sectional side view, taken along the line B-B in FIG. 
4, of the relay device shown in FIG. 4, and shown in a closed position; 

FIG. 7 is an assembly view, shown in perspective, of anoUier embodimem of 
the present invention that comprises a single-pole single-throw relay device fabricated using a 
method of the present invention, and having flexible input/output connections, shown in the 
open position; 

FIG. 8 is a side assembly partial cross-sectional view of the relay device 
15 shown in FIG. 7; 

FIG. 9 is a partial cross-sectional side view of anotiier embodimem of tiie 
present invention that comprises a single-pole single-tim,w relay device fabricated using a 
method of the present invention, and having ball-grid airay input/output connections and a 
cover, shown in the open position; 

^° ^ ° ^ assembly partial cross-sectional view of the relay device 

shown in FIG. 9; 

FIG. 11 is a partial cross-sectional side view of anotiier embodiment of tiie 
presem invention that comprises a single-pole double-tiirow relay device fabricated using 
method of the present invention, and having ball-grid array input/output comiections and 
25 cover, shown in a first position; 



a 
a 



FIG. 12 is a side partial cross-sectional view of the relay device shown in FIG. 
1 1, shown in a second position; 

FIG. 13 is a partial cross-sectional top view of the relay device shown in FIG. 

1 ^ J 
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FIG. 14 is a cross-sectional side view of another embodiment of the present 
invention that comprises a single-pole single throw strip-line relay device fabricated using a 
method of the present invention; 

FIG. 1 5 is a top view of the relay device shown in FIG. 14; 
5 FIG. 1 6 is a partial plan view of a panel of laminate material containing 

multiple relays, fabricated by a method of the present invention; 

FIG. 17 is a top view of another embodiment of the present invention that 
comprises a single-pole single-throw relay device, provided with input/output connections 
and a permanent magnet, fabricated using a method of the present invention; 
10 FIG. 1 8 is a partial cross-sectional side view, taken along the line C-C in FIG. 

17, of the embodiment of the relay device shown in FIG. 17, shown in an open position; 

FIG. 19 is a partial cross-sectional side view, taken along the line C-C in FIG. 
17, of the relay device shown in FIG. 17, and shown in a closed position; 

FIG. 20 is a top view of another embodiment of the present invention that 
15 comprises a single-pole single-throw relay device, provided with input/output connections 
and a permanent magnet, fabricated using a method of the present invention; 

FIG. 21 is a partial cross-sectional side view, taken along the line D-D in FIG. 
20, of the embodiment of the relay device shown in FIG. 20, shown in an open position, and; 

FIG. 22 is a partial cross-sectional side view, taken along the line D-D in FIG. 
20 20, of the relay device shown in FIG. 20, and shown in a closed position. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
Referring now to the drawings for the purposes of illustrating embodiments of 
the invention only, and not for purposes of limiting the same, the Figures show various 
laminate-based electromechanical relay devices, fabricated according to the method of 

25 present invention from layers of dielectric material laminated together to form a unitary three- 
dimensional electromechanical structure. While the present laminate based fabrication 
method may, for example, permit the straight forward fabrication of electromechanical relay 
devices that are optimized to function as controlled impedance structures at microwave 
frequencies, such as, those shown herein in the Figures, one of average and ordinary skill in 

30 the art will appreciate that the present invention may be successfully employed to fabricate 
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mynad of ofter .l«:Bo™«ha„ica, device Tteefo... i, «i„ ft^„ be appreciated u,e 
lan,„u,e.based elecwmecl^nical device, „fe„ed ,o herein i„ d,. Figures and in d,e 
fo.Io»i„g description are intended orty .„ iltoarate and exemplify certain entbodintenta of 
the present Invention and .he variety of lami„a«=.ba^ electromechanica, devices that may be 

6 ftta-^"'" -iM=ng the present invewion. Accordingly, the protection afforded to Ute 
embodtments of the present invention discussed and claimed het^in should not be Umit«l 
solely ,0 use in connection ™th the laminatc-based electromechanical relay devices depic,«i 
.n the Figures. Instead, it will be understood that the present invention may also be utill«d in 
com,e«ion ,vid, various other electromechanical devices i»=,udi„g. but no. linrited to. valves 

actua»r,,sensors,a„dmotors.l„addiUon,after,eviewingftepresen.speoific,ionand " 
drawings, i, will be understood by one of otdinary skill in the ar, tot Ute l«„ina«.baaed 
e lecronrechanical relay devices depicted herein may be fabricated using certain processes 
also applied in the ar. of semiconductor and printed circuit board manufacturing. However 
one of ordinary skill in the an win funher underhand d.t d« fabrication of fte various oU»r 

.5 "fh^'-nateWdelectromechanicaldevicestotarepossibleundertiremethoddisclosed 
hercn could implicate use of fibrication processes ufillad in semiconducu,r and printed 

circuit board manufacturing. 

With reference now to rt,e Figures. U,e sBucttrre of fte laminaB-based 
electromechanical relay device, used herein to help describe present invention, includes a 
20 relay 1 0 havmg a single-pole single-tiuow (SPST, conu« co„figura.i„„. As shown in 
panicular in FIOS. I -3. .he relay .0 generally includes f.rn layer 20. and s^ond layer 40 
f.m m«™,edia.e layer 30, second in«n„edia« layer 50. ac^ring „ech^sm 5 1 . inpu. and 
OU.PU. com»ctions 28 and 48, respectively, and ground plane 65. 

™""'""^>'"^''''='>T>i-=»"yfa>'ricaKdfron,apancloforganicdielectric 
matenal. ^or example, tire firs, layer 20 may be ftbrica.ed fro™ nrareria, used in prin.ed 
cm.,, board manufacruring. such as epoxy. polyi„idc, epoxy-glass lamina.es, 
poly.e.rafluor„eti,ylene (PTFE), cya„a« «,«r, liquid crystal polymer (LCP), or ,he like 
However, i. win be unders^od that U,e identity of the organic dielectiic material will vary 
depen ,ng upon the particular operational needs required of the relay 1 0. such as stiength, 
30 overall perfonnancnexibility. and industty mandated standards. n,e ftrs. layer 20 
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generally includes a stationary contact 22 formed therefrom. In particular, the first layer 20 is 
typically clad on at least one side with a layer of electrically conductive material 21, such as, 
for example, copper, silver, nickel, gold, or an alloy thereof, and the stationary contact 22 
patterned and etched directly therefrom. The stationary contact 22 generally includes a 
5 stationary contact area 24. The stationary contact area 24 is located at one end of stationary 
contact 22 and is adapted to contact a moving contact area 44, described below. The 
stationary contact area 24 may be provided with a stationary contact area overlay 26 
positioned thereon. The stationary contact area overlay 26 generally includes an additional 
overlay of material, positioned within the stationary contact area 24. The stationary contact 
10 area overlay 26 is adapted to reduce the electrical resistance between the stationary contact 22 
and the moving contact 42 when the device 10 is in the closed position, as shown, in 
particular, in FIG. 2 and as detailed further below. The stationary contact area overlay 26 
may be fabricated from, for example, a plating of gold, gold alloy, silver, silver alloy, 
ruthenium, rhodium, or other similarly suitable electrically conducting material. However, it 
15 will be appreciated that the precise identity of the material used in the stationary contact area 
overlay 26 will vary depending upon the particular operational needs required of the relay 10, 
such as current handling capacity, frequency response, or contact resistance. 

The second layer 40 is typically fabricated from a panel of printed circuit 
board material, such as that detailed above with respect to first layer 20. The second layer 40 
20 generally includes a moving contact 42 formed therefrom. In particular, the second layer 40 
is typically clad on at least one side with a layer of electrically conductive material 41, such 
as that detailed above with respect to the layer of elecurically conductive material 21, and the 
moving contact 42 patterned and etched directly therefrom. The moving contact 42 generally 
includes a moving contact area 44 at one end thereof. The moving contact area 44 is located 
25 at one end of moving contact 42 and is adapted to selectively contact the stationary contact 
area 24. The moving contact area 24 may be provided with a moving contact area overlay 46 
positioned thereon. The moving contact area overlay 46 generally includes an additional 
overlay of material positioned within the moving contact area 44. The moving contact area 
overlay 46 operates in a similar fashion as that of the stationary contact area overlay 26, to 
30 reduce the electrical resistance between the moving contact 42 and the stationary contact 22 
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when the device is in the closed position. See FIG. 2. The moving contact area overlay 46 
may be formed from the same materials as detailed above with regard to stationary contact 
area overlay 26. It will thus be understood by one of ordinary skill in the art that stationary 
and moving contact aiea overlays 26 and 46, respectively, are positioned on the stationary 
and moving contacts 22 and 42. respectively, to coincide and contact each other when the 
device is in the closed position (see FIG. 2). 

It will be appreciated that the moving contact 42 may take various alternate 
embodiments in addition to that described above. For example, moving contact 42 may be 
formed only from a layer of electrically conducting material having no underlying layer of 
dielectric material. Such alternative constniction for the moving contact 42 is shown in 
FIGS. 4-6, wherein the moving contact is identified as 42' and includes a layer of electrically 
conductive material 4 1 having no underlying second layer 40 of dielectric material. 

In both embodiments of the moving contact (42, 42'), the electricaUy 
conducting material used to construct the electrically conducting layer 41 of the moving 
contact (42, 42') may be fom^ed from copper or a similarly suitable metallic electrically 
conducting material having mechanical properties that permit the moving contact (42 42') 
fom.ed therefrom to be able to deflect and make electrical contact with the stationary contact 
22 (see FIGS. 2 and 5). For example, a metallic alloy, such as beryIliumH:opper provides the 
superior elastic properties required of the moving contact (42. 42'). Thus metallic alloys are 
materials from which the moving contact (42, 42') may be fabricated. 

The first and second layers 20 and 40, respectively, are typically separated by 
first mtermediate layer 30. The first intermediate layer 30 may be formed from the same 
dielectric material as is detailed above with regard to the first and second layers 20 and 40 
respectively. It will be appreciated that the first intermediate layer 30 may alternatively 
mclude multiple individual layers of dielectric material (not shown). In addition, the first 
mtermediate layer 30 may be formed, at least in part, from an area of the first or second layers 
20 and 40, respectively, having increased depth. In any of these embodiments, the first 
mtermediate layer 30 is adapted to physically separate first layer 20 from second layer 40 
create an air gap 1 4 between stationary contact 22 and moving contact (42. 42'). Air gap 14 
may be achieved by, for example, ablation of that portion of the intermediate layer 30 that lies 
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between stationary contact 22 and moving contact (42, 42'). The air gap 14 is provided 
between the stationary contact 22 and the moving contact (42, 42') to allow moving contact 
(42, 42') to move between an open position (see FIGS. 1 and 4) and a closed position (see - 
FIGS. 2 and 5). In addition, air gap 14 has the effect of electrically insulating moving contact 
5 (42, 42') from stationary contact 22 when the relay 10 is in the open position (see FIGS. 1 
and 4) such that substantially no current may pass through the relay 10. However, it will be 
understood that, when the relay 10 is in the closed position (see FIGS. 2 and 5), current is 
permitted to pass across the relay 10. It will thus further be appreciated by one of average 
and ordinary skill in the art that by increasing or decreasing the overall thickness of 
10 intermediate layer 30, the electrical insulating effect of the air gap 14 may be varied to allow 
the relay 1 0 to meet various insulating and current carrying requirements. 

The first layer 20 is typically provided atop a second intermediate layer 50. 
The second intermediate layer 50 may be formed form the same dielectric material as is 
detailed above with regard to first and second layers 20 and 40, respectively. It will be 
15 appreciated that the second intermediate layer 50 may alternatively be formed from multiple 
individual layers of dielectric material (not shown), as described above with regard to the first 
intermediate layer 30. In addition, it will be appreciated that the second intermediate layer 50 
may be formed, at least in part, from an area of the first layer 20 having increased depth. A 
ground plane 65, formed from an non-electrically conducting material may be formed on the 
20 underside of second intermediate layer 50, opposite first layer 20. The ground plane 65 acts 
to electrically insulate and ground the relay 10 during operation. 

An actuating mechanism 51 is typically formed within second intermediate 
layer 50. The actuating mechanism 51 generally provides a means for reciprocal deflection of 
moving contact (42, 42') between the open position (see FIGS. 1 and 4) and the closed 
25 position (see FIGS. 2 and 5). In the embodiments depicted herein in the figures, the actuating 
mechanism 51 includes an electromechanical actuating device. An electromagnetic actuation 
device provides advantages over other means of actuation because it provides an actuating 
force consistent with a low contact resistance and an operating voltage compatible with 
digital logic circuits. However, one of average and ordinary skill in the art will appreciate 
30 that, in addition to the electromagnetic actuation mechsmisms detailed herein, alternate types 
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of actuating mechanisms (not shown) are possible with the present invention. Such alternate 
methods of actuation are generally known in the art and include, for example, electrostatic, 
piezoelectric, or phase change, shape memory, thermomechanical, magnetorestrictive. and 
electroheological actuators. 

The actuating mechanism 51 depicted in the Figures generally includes a 
magnetic material 55 and an electrically conducting coil 57. The magnetic material 55 of the 
actuating mechanism 51 is positioned at the tip of the moving contact (42, 42') adjacent to 
and above moving contact area 44, from a layer of magnetic material clad on second layer 40. 
The electrically conducting coil 57 is positioned within second intennediate layer 50. 
immediately beneath stationary contact area 24. The electrically conducting coil 57 is 
fabricated from a coil-shaped piece of metallic material formed witiiin the second 
intemiediate layer 50 by one of a variety of fabrication processes known in the art. In an 
alternative, the electrically conducting coil 57 may be fabricated from, for example, planar 
conductors (not shown) formed within the second intermediate layer 50 by one or a 
combination of fabrication processes as are known in the art. In addition, it will be 
appreciated that, although in tiie accompanying Figures the electrically conducting coil 57 is 
shown to be integral witii intermediate layer 50. in alternate embodiments, the electrically 
conducting coil 57 may also be formed in oti,er arrangements, for example, external to second 
intermediate layer 50. 

As described above, the second layer 40 is formed as a cantilever beam 
su^cture having sufficient strength and structure to support the moving contact 42 in the open 
posmon (See FIGS. 1 and 2). In an alternative embodiment, also described above, the layer 
41 alone is of sufficiem strength and dimension to independently support the moving contact 
42' in the open position (See FIGS. 4 and 5). Accordingly, in operation, when a current is 
passed through the electrically conducting coil 57, an electromagnetic field (not shown) is 
generated. The electromagnetic field acts on the metallic elements of the moving contact (4^ 
42') and magnetic material 55 with sufficient force to overcome the inherent bending strength 
of the second layer 40 and to urge the moving contact (42, 42') in tiie direction of the 
electrically conducting coil 57. The relay is thereby brought into the closed position (see 
FIGS. 2 and 5). When the current to the electrically conducting coil 57 is discontinued, the 
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electromagnetic field is dissipated, and the second layer 40 reflexively returns the moving 
contact (42, 42') and the relay to the open position (See FIGS. 1 and 4). 

It will further be appreciated by one of ordinary skill in the art that, in 
alternative embodiments, shown in FIGS. 1 7 - 22, the second layer 40 and the layer 41 of 
5 electrically conducting material may not have sufficient strength and structure to maintain the 
moving contact (42, 42') in the open position. In such an embodiment, the moving contact 
(42.42') may be maintained in the open position by a permanent magnet 56. The permanent 
magnet 56 is adapted to provide a restoring magnetic force to aide in maintaining moving 
contact (42, 42') in the open position. Permanent magnet 56 is supported by additional layers 
10 53 and 54 of dielectric substrate positioned atop second layer 40. Additional layers 53 and 54 
dielectric material form a cantilever beam structure of sufficient strength and dimension to 
support the permanent magnet 56 in a position adjacent to and above magnetic material 55. 
In operation, the magnetic field (not shown) created by the permanent magnet 56 is sufficient 
to act on the metallic elements of moving contact (42, 42') and magnetic material 55 to 
15 maintain the moving contact (42, 42') in the open position (see FIGS. 1 7 and 20). As with 
the embodiments previously discussed herein, when current is passed through electrically 
conducting coil 57, the coil 57 acts to create an electromagnetic field (not shown). This field 
is capable of overcoming the restoring force of the magnetic field created by the permanent 
magnet 56 and urging the moving contact (42, 42') into the closed position (See FIGS. 19 and 
20 22). When the current to the electrically conducting coil 57 is discontinued, the 

electromagnetic field created thereby is dissipated, and the magnetic field generated by the 
permanent magnet 56 is again sufficient to aide in restoring the moving contact (42, 42') to 
the open position (See FIGS. 17 and 20). 

Electrical connections 28 and 48 for stationary contact 22 and moving contact 
25 (42, 42'), respectively, are typically provided to enable the relay 1 0 to be electrically 

connected to other devices. As shown in particular in FIGS. 1,2, 17, and 18, the electrical 
connections 28 and 48, may be formed from the portions of layers 21 and 41, respectively, 
that extend away from the contact areas 24 and 44 respectively. In particular, second layer 40 
and the layer 41 of electrically conducting material extend beyond the periphery of relay 10 to 
30 form electrical connection 48. Similarly, first layer 20, and the layer 21 of electrically 
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conducting material, extend beyond the periphery of relay 10 to fonn electrical connection 
28. In an alternative embodiment, it will be appreciated that only layers 21 and 41 of 
electrically conducting material are extended beyond the peripheo' of relay 10 to form 
electrical connections 28 and 48, respectively. However, it will further be appreciated that, in 
5 any of the disclosed embodiments, the electrical connections 28 and 48 are adapted to permit 
the r^lay 10 to be electrically connected to various oti,er electrical devices and components 
such as. for example, a printed circuit board (not shown) or other substrate (not shown) for 
use as part of a larger electromechanical device, without the need for secondary packaging. 

In addition, it will be appreciated that the embodiments described above may 
10 be formed with a cover layer 60, as shown in FIGS. 4-6. and 20-22. In particular, the cover 
layer 60 may be formed from the same dielectric material described above with regard to first 
and second layers 20 and 40, respectively. The cover layer 60 thereby acts to shield the 
various electromechanical components of the relay 10 from various elements of the 
environment in which it is used. 

15 Having now been apprised of the present invention, as embodied in the SPST 

relay 10 described above, and depicted in the Figures, those of average and ordinary skill in 
the art will appreciate that various other laminate-based electromechanical devices are 
possible with the present invention. In particular, various other laminate-based relay devices 
having various other input/output configurations, will be apparent. In one such constniction ' 

20 shown m FIGS. 7 and 8, input/output comiections 28' and 48' of stationary and moving 

contacts 22 and 42. respectively, of an SPST relay device are fom.ed from a material that has 
flexible properties, such as. for example, polymide-based organic dielectric material The 
flexible input/output connection 28' may include integral flexible extensions 20' and 21' of 
dielectric material layer 20 and electrically conductive layer 21. respectively. Similarly a 
25 flexible input/output connection 48' may include integral flexible extensions 40' and 41 ' of 
dielectric material layer 40 and electrically conductive layer 41, respectively. Accordingly 
integral flexible extensions 20' and 21 '. of dielectric and conductive second layers 20 and 21 
respectively, extend beyond the periphery of relay 10 to form flexible input/output comiectiol 
28'. Similarly, integral flexible extensions 40' and 41 ', of dielectric and conductive layers of 
30 40 and 41, respectively, extend beyond the periphery of relay strticture 10 to fonn flexible 
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input/output connection 48\ Such orientations of the connections 28' and 48' beyond the 
relative periphery of relay structure 10 can be best appreciated from reference to FIG. 8. A 
relay 10 having such flexible input/output connections 28' and 48' may thereby be 
electrically cormected to, for example, a printed circuit board or other structure in a variety of 
5 configurations as are known in the art without the need for secondary packaging. 

In another altemate construction, shown in particular in FIGS. 9 and 10, the 
electrical connections 28" and 48" of stationary and moving contacts 22 and 42', 
respectively, of an SPST relay device having a cover 60 are formed in a ball-grid array. In 
particular, the electrical connections 28" and 48" may include ball-shaped electrical 
10 connections formed from electrically conductive material that are electrically connected to 
stationary and moving contacts 22 and 42% respectively, by way of plated through holes 72 
and 73, respectively. The ball-shaped electrical connections are thereby suitable for 
electrically connecting the relay device 10 to other devices. Plated through holes 72 and 73 
may be accomplished by forming a hole in the various layers by, for example, a process of 
15 mechanical or laser drilling, and filling or plating the holes with an electrically conductive 
material, such as, for example, one of the electrically conducting hiaterials mentioned above 
with regard to the fabrication of stationary contact 22. The electrical connections 28" and 
48" are formed at the open end of the plated through holes 72 and 73, respectively, as ball 
connectors. The material used for electrical connections 28" and 48" may include an 
20 electrically conducting material, such as, for example, one of the materials mentioned above 
with regard to the construction of stationary contact 22. 

As shown, in FIGS. 9 and 10, plated through hole 73 extends from second 
dielectric material layer 41, through a second electrically conductive layer 40, and 
intermediate layers 30 and 50, to form an opening in ground plane 65. The ball cormection 
25 48" is thus formed at the opening of plated through hole 73 along the surface of ground plane 
65. Plated through hole 72 is formed from a bore that extends from first dielectric material 
layer 21 , through first electrically conductive layer 20 and intermediate layer 50, to form an 
opening in the ground plane 65. The ball connection 28" is thus formed at the opening of 
plated through hole 72 along the surface of ground plane 65. The stationary contact 22 and 
30 the moving contact 42' of the relay 1 0 depicted in Figures 9 and 10 may thereby be 
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electrically conr^ected to another device (not sho^vn). by way of the ball connections 28" and 
48". respectively. It will be appreciated by one of average and ordinary skill in the art that 
the embodiment of the relay 10 shown in FIGS. 9 and 10 further includes plated through hole 
58 and ball connection 59. The design and fabrication of these electromechanical structures 
.s otherwise identical to that of the plated through holes 72 and 73 and ball connections 28" 
and 48" described above. It will further be appreciated that the array of ball connections 28" 
48". and 58 are referred to collectively as a ball grid array interface 61. 

It will further be appreciated that the alternate constructions of the SPST relay 
devices shown in FIGS 7- 1 0 may be fabricated to include a permanent magnet (not shown) 
onented adjacent to and above magnetic material 55, to aid in the reciprocation of the moving 
contact (42, 42') between the open and closed positions. Tl,ose of average and ordinary skill 
m the an will appreciate that the operation of such a permanent magnet has otherwise been 
described above with regard to the embodiments as depicted in Figures 17-22. 

As shown in FIGS. 1 1-13, the present invention may be employed to fabricate 
an embodiment of a single-pole double-throw (SPDT) laminate-based relay 10'. The SPDT 
relay 10' depicted in FIGS. 1 1-,3 generally includes upper and lower stationary contacts 68 
and 70, respectively, and a moving contact 42". Upper stationary contact 68 is formed on a 
coverlayer60'. The cover layer 60' is adapted to shield the relay 1 0' from environmental 
factors and may be formed from a material such as, for example, one of the materials 
mentioned above with regard to first layer 20. The construction of upper stationary contact 
68 may additionally include an upper stationary contact overlay 69. The design and operation 
of upper stationary contact overlay 69 is similar to that of stationary contact overiay 26 
described above. Lower stationary contact 70 is formed on intermediate layer 30' 
Intermediate layer 30' may be formed from, for example, the materials and processes 
described above with regard to intermediate layer 30. Lower stationary contact 70 may 
mclude a lower stationary contact overlay 71. The design and operation of lower stationary 
contact area overlay 71 is similar to that of stationary contact area overlay 26 described 
above. It wrll be appreciated that the design and operation of upper and lower stationary 
contacts 68 and 70, respectively, is otherwise identical to that of tire stationary contact 22 
30 described above. 



20 



25 
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Moving contact 42" includes an arm 43. The arm 43 is formed from a layer of 
dielectric material, such as a panel of printed circuit board material described above with 
regard to the first and second layers 20 and 40, respectively. Arm 43 is pivotally mounted on 
a hinged portion 16 formed on intermediate layer 31. Intermediate layer 31 may include, for 
5 example, a layer of dielectric material, such as that described above with regard to 

intermediate layers 30 and 50. Portions of dielectric material layers 30 and 31 have been 
removed, for example, through fabrication techniques already described herein, to create air 
gaps on either side. The air gaps allow arm 43 to be pivoted between a first position (see 
FIG. 1 1) and a second position (see FIG. 12. Hinged portion 16 thereby forms a fulcrum atop 
10 pedestal 3 T on which arm 43 is pivotally mounted. 

Moving contact 42" additionally includes upper moving contact area 44U and 
lower moving contact area 44L. In particular, arm 43 is typically clad on both sides with 
layer of electrically conductive material, such as that described above with regard to layer 21, 
and upper and lower moving contact areas 44U and 44L, respectively, are patterned and 
15 formed directly therefrom. Moving contact area 44U and 44L, respectively may additionally 
include upper and lower moving contact area overiays 46U and 46L, respectively, disposed 
on upper and lower moving contact areas 44U and 44L, respectively. The upper and lower 
moving contact area overlays 46U and 46L, respectively, of the moving contact 42" are 
typically electrically interconnected via a plated through hole 62 in the arm 43. It will be 
20 appreciated that the composition and materials from which the moving contact 42" is 

constructed are the same as those used for moving contact 42, described above. In addition, it 
will be appreciated that the composition and material from which the moving contact area 
overlays 46U and 46L are constructed is the same as those used for moving contact area 
overlay 46, described above. 
25 The pivoting motion of arm 43 about hinge 16 permits moving contact 42" to 

move between a position in which it is in electrical contact with the upper stationary contact 
68 (See FIG. 11) and a position in which it is in electrical contact with the lower stationary 
contact 70 (See FIG. 12), An actuating mechanism ST is typically provided to control the 
movement of moving contact 42" between these positions. In particular, actuating 
30 mechanism 5 1 ' generally includes conductor coil 57', permanent magnet 55', and magnet 
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material 56'. Conductor coil 57' may be formed within intermediate layer 30 as described 
above with respect to the embodiment shown in FIGS 1-6. Pennanent magnet 55' is typically 
formed at the opposite end of arm 43 from moving contact 42". Magnetic material 56' may 
be fomied atop cover layer 60', for example, adjacem to the end of ann 43 at which 
permanem magnet 55' is located. In operation, the magnetic field (not shown) produced by 
permanent magnet 55' causes the permanent magnet 55' to be attracted to magnetic material 
56 to thereby cause am, 43 to pivot into a first position (see FIG. 12). However, when an 
electric current is passed through electrically conducting coil 57'. a magnetic field (not 
shown) is created. The magnetic field created by the electrically conducting coil 57' is of 
sufficient strength to overcome the magnetic field produced by permanent magnet 55' and 
thus causes arm 43 to pivot into a second position (See Fig. 1 1). It will be understood that 
when the current to electrically conducting coil 57' is eliminated, the magnetic field produced 
thereby .s dissipated and arm 43 is again pivoted into the first position (see FIG. 12). 

In the second position (see FIG. 1 1). arm 43 is positioned such that the upper 
movmg contact area overiay 46U is in electrical contact with the upper stationary contact 68 
In the first position (see FIG. 12), the arm 43 is.positioned such that the lower moving contact 
area overlay 46L is in electrical contact with the lower stationary contact 70. As such it will 
be appreciated by the skilled artisan that, in either of the first or second positions, current will 
be allowed to pass through the SPDT relay 10'. In particular, in the first position, cu^ent will 
pass from moving contact 42" to upper stationary contact 68 and be available at electrical 
contact 76. In the second position, currem will pass from moving contact 42" to lower 
stationary contact 70 and be available at electrical contact 77. 

The input and output connections respectively of the relay 10' shown in FIGS 
1 1 and 12, may be accomplished, for example, via a series of plated through holes and a ball 
gnd a.ay. In particular, each of tiie electrical contacts 48", 59, 76. and 77 are shown in U.e 
Figures as a ball contact. In addition, each of ti,e electrical contacts 48", 59, 76, and 77 are 
shown in the Figures to be electrically connected to a particular electromechanical stmcture 
of the relay 10' by way of a plated-through hole 62, 58, 75, and 78, respectively In 
parfcular. upper stationary contact 68 is electrically connected to ball connection 76 titrough 
plated titrough hole 75. Lower stationary contact 70 is electrically connected to ball 
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connection 77 through plated through hole 78. Upper and lower moving contact areas 44U 
and 44L, respectively, are electrically connected, by electrical connection 36, to plated 
through hole 62, which is itself electrically connected to ball connection 48'\ A plated 
through hole 58 and ball connection 59 is also used to form an electrical connection for 

5 conductor coil 57'. It will be appreciated that the design and fabrication of the plated through 
holes 58, 73, 75, and 78 and their corresponding ball connectors 59, 74, 76, and 77, 
respectively, are identical to that of plated through holes and ball connections described 
earlier with regard to SPST relay 10 depicted in FIGS. 9 and 10 above. It will further be 
appreciated that the electrical connection 36 may include, for example, an electrically 

10 conductive wire or plated through hole within arm 43. 

FIGS. 14 and 15 show yet another embodiment of a relay fabricated using the 
present laminate based fabrication method. As shown in FIGS. 14 and 15, the relay 10" 
employs a microstrip construction. In particular, electrical connections 28' and 48' are 
provided to electrically connect stationary contact 22 and moving contact 42 to other devices 

15 or components. Actuation mechanism 51 includes a conductor coil 57 and magnetic material 
56. The actuation mechanism 51 is capable of generating a magnetic field of sufficient 
strength, in the open state, to separate stationary contact 22 from moving contact 42 such that ''. 
an air gap 14' is thus created and suitable electrical signal isolation is achieved between the 
moving contact 42 and the stationary contacts 22. In the closed state, it will be appreciated 

20 that the materials from which moving contact 42 and stationary contact 22 are fabricated may 
be chosen to form an inpedance match between the stationary contact 22 and the moving 
contact 42 and to thereby provide a controlled impedance structure. While the embodiment 
shown in FIGS. 14 and 1 5 is based on a microstrip construction, one of average skill in the art 
will appreciate that other embodiments having, for example, co-planar waveguide, stripline, 

25 and other configurations known in the art may also be fabricated using the present laminate- 
based fabrication technique. 

As shown in FIG. 16, an advantage provided by the present invention is the 
ability to simultaneously fabricate multiple laminate-based electromechanical devices in a 
single batch. Accordingly, as with semiconductor and MEMS fabrication, once fabrication is 

30 complete, the devices may then be divided or diced. However, unlike semiconductor and 
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MEMS devices, the devices of the present invention can be diced into any number of desired 
configurations, yielding, for example, individual devices, such as the described relays above 
or electrically connected g„,ups of devices (not shown). It will be further understood that the 
latter possibility will permit multiple electrically interconnected devices to be fabricated in a 
smgle monolithic package. Alternatively, individual devices may be interconnected laterally 
m various configurations on the panel to create matrices (not shown). It will also be 
appreciated that other embodiments, such as those including vertical integration of the relays 
(or other electromechanical devices), are also possible by adding additional layers of laminate 
material. Embodiments of such a vertical integrated device include, for example, an SPDT 
relay (as shown in particular in FIGS. 1 1-13) a Double-Pole Double-Throw (DPDT) relay 
(not shown). 

Also, while not required by the electromechanical devices the present 
invention, it will be further appreciated that wires (not shown) bonded to the laminate layers 
of the devices or lead frames (not shown) attached to the laminate layers of the devices may 
alternatively be utilized to provide electrical connections for the electromechanical laminate- 
based relay devices of the present invention. 

Referring again to FIGS. 1-4 for purposes of illustrating, in practice, the 
present laminate-based method of fabrication, the first layer 20 of the laminate structu,^ of 
the laminate based electromechanical relay 10 is clad onto at least one side with a layer 21 of 
electncally conducting material. The layer 21 of electrically conductive material may be for 
example, patterned on the first layer 20 and then etched therefrom to form conductors 
thereon, including at least one stationary contact 22. The stationary contact area overiay 26 is 
provided on the stationary contact 22 by plating stationary contact 22 with an electrically 
conductive material, m particular, the stationary contact area overlay 26 may be fonned for 
example, as a bump or build-up of one of the electrically conductive materials detailed above, 
on the stationary contact 22. 

The flm inlenncdiate layer 30 of primed circuit board material is thei, 
positioned atop first layer 20. A ponion of intennediate layer 30 adjacent to the stationary 
contact 22 is dten removed by. for example, a mechanical or chemical pr«:esa. such as die 
cuttmg, laser cutting, ablation, or etching to provide for the air gap 14 betv^ the staUonary 
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contact 22 and the moving contact 42. In an alternative, it will be appreciated by one of 
average and ordinary skill in the art that the air gap 14 may be formed in first intermediate 
layer 30 prior to the addition of first intermediate layer 30 to first layer 20 and, using 
processes such as those described above, the first intermediate layer 30 may be added atop 
5 first layer 20. 

The second layer 40 of printed circuit board material that has a layer 41 of 
electrically conducting material clad on to one side thereof is then positioned atop first 
intermediate layer 30. Portions of the second layer 40 and layer 41 of electrically conducting 
material are pattemed and removed using, for example, mechanical or chemical process, as 

10 described above, to define conductors thereon, including at least one moving contact 42. 

Moving contact 42 is thereby formed as a cantilevered beam that overhangs stationary contact 
22. The contact area 44 of moving contact 42 is plated with an electrically conductive 
material, examples of which are detailed above, to form moving contact overlay 46. In 
particular, the moving contact overlay 46 may be formed, for example, as a bump or build-up 

15 of one of the electrically conductive materials detailed above on the surface of moving 
contact 42. 

In addition, magnetic material 55 is provided atop moving contact 42 adjacent 
to moving contact area 44. The magnetic material 55 may be fabricated, for example, by 
depositing a layer of magnetic material 55 atop second layer 40 and then removing portions 

20 of the layer of magnetic material using processes such as those described above, to form 
magnetic material 55. 

Second intermediate layer 50 is positioned below first layer 20. A portion of 
the second intermediate layer 50 is removed and a deposit of an electrically conducting 
material is placed therein, all using fabrication techniques described herein. Conductor coils 

25 57 of actuating mechanism 5 1 are then pattemed and etched within the second intermediate 
layer 50 from the electrically conducting material, adjacent to and below stationary contact 
area 24. 

Permanent magnet 56 is included in certain of the embodiments contained 
herein to provide an additional restoring force to aide the actuating mechanism 55 in affecting 
30 the actuation of the moving contact 42. In such an embodiment, additional layer 53 is 
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pc.Uio„=d atop *e second 40. me addiUon., ,a,„ 53 ^ „ 
Uyer 54 by a d,e>.c„c spa«, layer 54. pennanen. magne, 56 .ay be fabricated by 
=«b.„g a>™y a ponion of addiUonal layer 53 deposUtag and paneling pe^aaen, 
n^gne, 56 U,er.i„ atop ^ addition, layer 53, u.i„g pr„ees»s such as d,„se described ab„ve 
' *'""'''"^'"=""°f"«'"^l'>>=y be positioned a,„p second oflayer 40 to 

whrch .be „>.y dev,ce , 0 is .o be nsed. Furd,er. a ground plane 65 may be posirioned u. 
^ond .„,e„ned.a.e layer 50. for exa„,ple, fro„ an addiUona, panel of prin«d cir^, board 
malenal, to acl as an electrical ground for the relay 10. 

Once fabrication of each of ,he individual layers of prin«d ci,.ui. boa,d 
ma.c„a, *a. fom, .he ,an,ina,e siruc.ure of U,e relay device 10 is completed. U» layers are 
sacked .„ an appropriate se<,„e„ce and subjeced .o a lamination process to bo«i the 

Ts IT 'T """'"^ ~ ""^ ^>0.r^ process of lamination 

used to bond the .nd.v.dua, layers may be. for example, that which is „tUi«d in printed 
c,rcu.t board manufacturing. In such case, the lamination procedut. „i,l Utolud. the 
app cation of heat and pressure to the stack of panels until they have been bonded into a 
smgle unttary three-dimensional laminate s.ru«„re. .„ an alternative «nbodim«., layers of 
s.ve bond nims may be introduced between dte individual panels to increase the Lgrity 
of the resultant un.taty laminate structure of.be relay device 10. T*e adhesive bond fllm ma 
constst of an adhesive used in printed citcui. boatd constntction. for example, layers of epTxT 
coated glass fabric (kno™, in the industty as "prepreg^. However, it will be appreciat^r 
.he .denttty and composition of the adhesive bond flim will vary depending upoTthe 

dtelecmc matenal forming the laminate layers of the telay device 1 0. 

After bonding of the layers u> fonn d,e body of the telay device 10 electrical 
mte^o betweend^conductorsinthe various layers withinthereiayde^ce o :^ 
bef^trcated^ '-P^^c-". i" case of the plated-through holes described above hoC 
bored thro,tgh«.lami„a.elayersby.forexample,means„f mechanical, laser. orpll^^ 
dnl img tecluncues known in the an. The holes are then plated with an electrically condlive 

n-atenaltofonn electrical interconnexions between theconductorsinthediffereltlay^f 
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the laminate structure. Connections such as the ball connections described above, may then 
be added to the plated through holes to form the points of electrical connections. 

In the above-described embodiments of the electromechanical delay devices 
and methods of the present invention fabrication processes are performed, for example, on 
5 individual panels of printed circuit board material to form the component electromechanical 
structures of the relay device 10 and the layers are then stacked to form the structure of the 
relay 10. The stacked panels are then laminated to form a unitary three dimensional laminate 
structure. However, it will be appreciated by the skilled artisan that the present invention also 
includes the process whereby panels of printed circuit board material are stacked and 
10 laminated to form a unitary three-dimensional laminate structure and the individual 

fabrication processes detailed above are then performed on the three-dimensional laminate 
structure to form the electromechanical structures of the relay device 10. It will further be 
appreciated that the methods of the present invention also includes variations wherein which 
fabrication processes are performed on certain of the layers of the laminate structure before 
15 stacking and lamination and on others after stacking and lamination has occurred. 

As noted above, the present invention includes the use of both additive and 
subtractive processing techniques otherwise know in the art of semiconductor and printed 
circuit board manufacture. Additive processing techniques, in which successive layers of 
dielectric material are added to the layers of printed circuit board material may include, for 
20 example, the use of screen printing, photoresist sheets, and liquid photo-imageable materials 
to successively add layers of material to the laminate panel. Subtractive techniques in which 
selected portions of layers of the structure are removed to form the relay device, may include, 
for example, the use of ablation, drilling, etching, and other techniques mentioned. It will be 
appreciated that additional additive and subtractive techniques known in the art of printed 
25 circuit board manufacturing may be used in place of, in conjunction with, or in addition to 
those particular methods mentioned herein. It will be further appreciated that the fabrication 
techniques detailed above may also be used in various combinations, other than those in 
particular combinations described above. 

Upon completion of the fabrication of the electromechanical structures of the 
30 laminate-based relay device described above, the panel on which the relays have been 
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fabricated is typically diced to yield a plurality of individual relays or other devices As 
described above, the laminate-based relay devices of the present invention may be fabricated 
such that no ancillary package or packaging step is required. Unlike semiconductor and 
MEMs devices, each laminate-based relay may incorporate an integral set of electrical 
o contacts to permit subsequent surface mounting of the relay directly onto a printed circuit 
board or other component structure. Accordingly, it will be appreciated that the devices of 
the present invention may be designed such that they do not exhibit significant mismatches in 
the coefficiem of thermal expansion with respect to the surface mount board due to the fact 
that the body of the relay is constructed from printed circuit board material. However it will 
10 further be appreciated that the individual relays of the presem invention may alternatively be 
packaged on lead frames, chip carriers, or in other packages, should the circumstances in 
which the relay is to be used require such packaging. 

In an alternative embodiment, upon completion of the fabrication of the 
electromechanical structures of the laminate-based relay device described above, the panel 
15 may be embedded directly into a multi-layer printed circuit board. ,n particular, additional 
layers of printed circuit board material are laminated with the panel on which the relays or 
other laminate-based devices have been fabricated using conventional printed circuit board 
fabrication techniques known in the art. Such additional layers may be of identical material 
and construction as that of the panel on which the relays or other laminate-based devices have 
20 been fabricated or may employ various other materials and construction techniques as are 
known in the art. The additional layers are typically adapted to provide mounting locations 
for other electrical components and/or electrical interconnections between these components 
Additional electronic components of various types known in the art may thus be assembled 
on the multi-layer printed circuit board. It will be understood by those of average and 
25 ordinary skill in the art that such an embodiment would have the advantage of significantly 
improved volumetric efficiency since the laminate-based relays would occupy a 
proponionately small ponion of the surface area of the multi-layer board and would increase 
the thickness of the board by only a modest amount. 

Those of ordinary skill in the art will thus appreciate that a number of 
30 modifications and variations can be made to specific aspects of the methods and apparatuses 
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of the present invention without departing from the scope of the present invention. Such 
modifications and variations are encompassed by the foregoing specification and the 
following claims. Furthermore, although the foregoing description of embodiments of the 
invention references a laminate-based relay, it will be understood that the methods of the 
5 present invention may be used to fabricate other laminate-based electromechanical devices 
including, for example, motors, actuators, and sensors. It will additionally be understood that 
any such laminate-based devices constructed according to the methods of the present 
invention, including, for example, relays, motors, actuators, and sensors, are hereby 
encompassed by the present invention. 
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What is claimed is: 

1 . A method for fabricating a laminate-based electromechanical device, 
comprising: 

providing at least one layer of laminate having at least one layer of electrically 
5 conductive material adherent thereto; 

forming at least one electromechanical structure from the at least one layer of 
electrically conductive material; 

sequentially performing said providing and forming acts on a predetermined number 
of additional layers of laminate as is required for the laminate-based electromechanical 

10 device; 

stacking at least one layer of laminate and the predetermined number of additional 
layers of laminate in a predetermined orientation to form a stack; and 
bonding the stack to form a unitary laminate body. 



15 



2. The method of claim 1, wherein said forming further comprises using a 
predetermined sequence of at least one additive fabrication step and at least one subtractive 
fabncation step to form the at least electromechanical structure from the at least one layer of 
electrically conductive material and the at least one layer of laminate. 

3. The method of claim 2, wherein said at least one subtractive fabrication step is 
selected from etching, ablation, and drilling. 

20 4. The method of claim 2, wherein said at least one additive fabrication step is 

selected from deposition, plating, screen priming, photodefmition, photo-imaging, and photo 

resistance. 

5. The method of claim 1 , wherein the at least one layer of laminate further 
comprises a panel of organic dielectric material selected from epoxy. polymide. epoxy-glass 
25 lammate, polytetrafluoroethylene. lyanate ester, and liquid crystal polymer and said at least 
one layer of electrically conducting layer is formed from one or more materials selected from 
copper, silver, nickel, gold, or an alloy thereof 
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6. The method of claim 5, wherein said forming further comprises using a 
predetermined sequence of subtractive and additive fabrication techniques to form the at least 
one electromechanical structure from the at least one layer of electrically conductive material 
and at least one panel of organic dielectric material. ^ 

5 7. The method of claim 1 , wherein said bonding further comprises laminating the 

stack by exposing the stack to heat and pressure until the layers of the stack are bonded to 
form an integral laminate body. 

8. The method of claim 7, wherein said stacking comprises inserting adhesive 
between adjacent layers of laminate. 

10 9. A method of fabricating a laminate-based electromechanical relay device, 

comprising: 

providing at least one first layer of laminate having at least one layer of electrically 
conductive material adherent thereto; 

forming at least one stationary contact from the at least one layer of electrically 
15 conductive material; 

providing at least one intermediate layer of laminate adjacent to the first layer of 
laminate; 

providing at least one second layer of laminate atop the at least one intermediate layer, 
the at least one second layer having at least one layer of electrically conductive material 
20 adherent thereto; 

removing a portion of the at least one intermediate layer adjacent to the at least one 
stationary contact to form an air gap between said at least one first layer and at least one 
second layer; 

forming at least one moving contact from the at least one second layer and the at least 
25 one layer of electrically conductive material adherent thereto, the at least one moving contact 
adjacent to the air gap; 

stacking the at least one first, intemiediate, and second layers in a predetermined order 
to provide a stack; and 
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bonding the stack to form a unitary laminate body. 

10. The method of claim 9, wherein said forming the at least one stationary 
contact further comprises fabricating at least one moving contact from the at least one layer of 
electrically conductive material and the at least one first layer using a predetermined sequence 

5 of at least one additive fabrication step and at least one subtractive fabrication step. 

11. The method of claim 10, wherein the electrically conductive material is 
selected from copper, silver, nickel, gold, and alloys thereof, and the at least one first layer 
further comprises an organic dielectric laminate selected from epoxy. polyimide, epoxy-glass 
laminate, polytetrafluoroethylene. cyanate ester, and liquid crystal polyer. 

10 12. The method of claim 10, wherein said at least one additive fabrication step is 

selected from deposition, plating, screen printing, photo definition, photo imaging, and photo 
resistance. 

13. The method of claim 12. wherein said at least one subtractive fabrication step 
is selected from etching, ablation and drilling. 

15 14. The method ofclaim 13. wherein said forming at least one moving contact 

further comprises fabricating at least one moving contact from the at least one layer of 
electrically conductive material and the at least one second layer using a predetermined 
sequence of additive and subtractive fabrication techniques. 

15. The method of claim 14, wherein the electrically conductive material is 
selected from copper, silver, nickel, gold, and alloys thereof, and the at least one second layer 
further comprises an organic dielectric laminate selected from epoxy. polyimide. epoxy-glass 
laminate, polytetrafluoroethylene, cyanate ester, and liquid crystal polymer. 

16. The method ofclaim 9. further comprising plating the at least one stationary 
contact with an electrically conductive material selected from one of gold, silver, ruthenium, 

25 rhodium, and alloys thereof 



20 
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17. The method of claim 9, further comprising plating the at least one moving 
contact with an electrically conductive material selected from one of gold, silver, ruthenium, 
rhodium, and alloys thereof. 

18. The method of claim 9, further comprising providing an actuator that 

5 selectively urges at least one moving contact into contact with at least one stationary contact. 

19. The method of claim 1 8, wherein said providing an actuator comprises: 
providing at least one third laminate layer of adjacent to the at least one second layer; 
forming an electrically conductive coil within the at least one third laminate layer; and 
providing at least one magnetic material on the at least one moving contact. 

10 20. The method of claim 1 9, further comprising providing a ground plane adjacent 

to at least one third layer. 

21. The method of claim 19, wherein said providing at least one second layer 
further comprises providing at least one fourth and fifth layer of organic dielectric laminate. 

22. The method of claim 21 , wherein said providing the at least one fourth layer 
15 further comprises providing at least one permanent magnet in the fourth layer adjacent to the 

at least one magnetic material. 

23. The method of claim 22, wherein the at least one fifth layer is provided 
adjacent to the at least one fourth layer. 

24. The method of claim 9, further comprising: 

20 providing at least one first electrical connector in electrical connection with at least 

one layer of electrically conductive material adherent to at least one first layer; and 

providing at least one second electrical connector in electrical connection with at least 
one layer of electrically conductive material adherent to at least one second layer. 

25. The method of claim 24, wherein said providing at least one first electrical 
25 connector further comprises adapting at least one layer of electrically conductive material 

adherent to the first layer to extend beyond a periphery of the unitary laminate body, and 
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wh«in said p^viding a. leas. on. ,„„„d decrica, cc™ comprises adapting a, 

leas, one lay„ of decriclly cond«,ive „,a.erial adheren. ,o fte second Uye, ,o ex«nd 
beyond die peripliery of Uie unitaiy laminaK body. 

26. TTe ™eU,od of claim 24, wherein said providing a, leas, one f,„„ elecWcal 
connector and said providing a, leas, one second elecuical com,ec»r fimher comprise 

e^ca„yco™,ecUnga„eas,oneofU.ea, leas, one layer Of elecWcally conductive n,a,eria, 

a-iheren. u, «,e flrs. hyer and a. least one layer of electrically conductive n^teri^ ^ 

the second layer to at least one lead wire. 

27. The method of claim 24. whetein said providing at least one firs, electrical 
connecor and said p^viding a, leas, one second elecWcal connecor fi«her comprise 
elccncally correcting a, icas, one layer of elecrtcaliy conductive material adherent .„ „, 
firs, layer and a. leas, one layer of elecrtcally co^lucUve ma«rial adherent the second 

layer to at least one lead frame. 



to the 



28. ^^-neKodofclaim 24. wherein said providing a, leas, one first electrical 
connector and said providing a, leas, one second conneoor taher comprises elec^ically ■ 
connecnng a, leas, one layer of elecrically conducive materia, adherent to «.e first layer and 
connectmg at leas, one layer of elecrically conducive material adherent u, dte second layer 

to a ball gnd array. ^ 

20 predetermined amount ofheat and pressure to the stack. 



30. The method of claim 9, wherein said stacking the layer, further 



comprises 



mserting adhesive be«,een *e layers comprising ,he s^, and said bonding comprises 
applyng a pr«leten„i„ed amount ofheat and p^ssure to the stack until the layers of the 
stacK. 

31. A laminate based electtomechanical device comprising a, leas„wo layers of 
am,„a,e havmg a layer of elecrtcally conducing ma„rial adherent to a, leas, a porrion of a, 
leas, one s,de ,hereof said at least two laye. of lamina« boiled toged.^ ,„ form a unitaty 
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laminate structure, said structure constructed to provide a desired output upon an application 
of a predetermined input thereto. 

32. The laminate based electromechanical device of claim 3 1 . wherein each of 
said at least two layers of laminate comprise: 

a layer of organic dielectric material; and 

at least one electromechanical structure, said structure formed form said layer of 
organic dielectric material and said at least one layer of electrically conductive material, said 
electromechanical structure receiving said input and providing said output. 

33. The laminate based electromechanical device of claim 32, wherein said layer 
of organic dielectric material is comprised of a material selected from epoxy, polyimide, 
epoxy-glass laminate, polytetrafluoroethylene, cyanate ester, and liquid crystal polymer. 

34. The laminate based electromechanical device of claim 32, wherein said at least 
one layer of electrically conductive material is comprised of a material selected from copper, 
silver, nickel, gold, and alloys thereof. 

35. The laminate based electromechanical device of claim 32, wherein said unitary 
laminate structure further comprises at least one layer of adhesive material inserted between 
each of said at least two layers of laminate. 

36. The laminate based electromechanical device of claim 32, further comprising: 
at least one first electrical connector, provided in electrical connection With said at 

20 least one of said at least one layer of electrically conductive material; and 

at least one second electrical connector, provided in electrical connection with said at 
least one of said at least one layer of electrically conductive material. 

38. A unitary laminate structure, comprising a laminate-based electromechanical 
relay device formed from at least two layers of laminate, at least a portion of the at least two 
25 layers of laminate clad on at least one side with an electrically conducting material, and the at 
least two layers of laminate being laminated together to form said unitary laminate structure, 
said relay adapted to accept a given input and retum a predetermined output. 
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39. The unitaiy laminate structure of claim 38, wherein said electromechanical 
relay device further comprises: 

a first layer of laminate having at least one first layer of electrically conductive 
material adherent thereto; 

at least one stationary contact formed from said at least one fir.t layer of electrically 
conductive material and said first layer of organic dielectric laminate; 

a second layer of laminate having at least one second layer of electrically conductive 
material adherent thereto; 

at least one moving contact corresponding to and being oriented adjacent to at least 
one said stationary contact and formed from at least one said second layer of electrically 
conductive material and said second layer of laminate; 

at least one intermediate layer of laminate, positioned between said first and second 
layers of organic dielectric laminate; and 

an air gap defined by said at least one intermediate layer of laminate. 

40. The unitary laminate structure ofclaim 39, wherein said first, second, and 
mtermediate layers of laminate comprise a layer of organic dielectric material selected from 
epoxy, polyimide. epoxy-glass laminates, polytetrafluoroethylene (PTPE)..cyanate ester and 
liquid crystal polymer (LCP). 

41 . The unitary laminate stnicture of claim 39, wherein said at least one first and 
second layers of electrically conductive materia, each comprised of a material selected from 
copper, silver, nickel, gold, and alloys thereof 

42. The unitary laminate structure of claim 39. fi«her comprising at least one 
actuating mechanism adapted to selectively urge said at least one moving contact into 
electrical contact with said at least one stationary contact. 

25 43. /he unitary laminate structure ofclaim 42. wherein said actuating mechanism 

runner comprises: 

a magnetic material attached to at least one moving contact; and 
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£m electrically conductive coil positioned adjacent to said at least one stationary 
contact. 

44. The unitary laminate structure of claim 43, further comprising a third layer of 
laminate having at least one third layer of electrically conductive material adherent thereto, 

5 and wherein said electrically conductive coil is formed within said third layer. 

45. The unitary laminate structure of claim 44, wherein said third layer of laminate 
comprises an organic dielectric material selected from epoxy-polyimide, epoxy-glass 
laminates, polytetrafluoroethylene, cyanate ester, and liquid crystal polymer. 

46. The unitary laminate structure structure of claim 44, wherein said at least one 
10 third layer of electrically conductive material comprises a material selected from copper, 

silver, nickel, and alloys thereof. 

47. The unitary laminate structure of claim 43, further comprising: 

at least one third layer of laminate, provided beneath said at least one first layer of 
laminate; 

15 at least one fourth layer of laminate provided adjacent to and atop said at legist one 

second layer of laminate; 

at least one fifth layer of laminate provided adjacent to and atop said at least one 
fourth layer of laminate; and 

at least one permanent magnet integrally formed within said at least one fourth layer. 

20 48. The unitary laminate structure of claim 47, wherein said at least one third, 

layer ftirther comprises at least one third layer of electrically conductive material adherent 
thereto and wherein said electrically conductive coil is formed from said at least one third 
layer of electrically conductive material. 

49. The unitary laminate structure of claim 47, wherein at least one said 
25 permanent magnet is positioned adjacent to said magnetic material adherent to said at least 
one fifth layer. 
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50. The unitary laminate structure of claim 47. wherein said at least one third 
fourth, and fifth layers of laminate each comprise an organic dielectric material selected from 
epoxy. polyimide, epoxy-glass laminates, polytetrafluoroethyiene, cyanate ester, and liquid 



crystal polymer. 



51. The unitary laminate structure of claim 39, wherein: 

each said at least one moving contact comprises a moving contact area overlay and 
each said at least one stationary contact fiirther comprises a stationary contact ai^a 
overlay. 

52. The unitary laminate structure of claim 51, wherein: 

said moving contact area overiay further comprises at least one layer of electrically 
conductive material adherent to said at least one moving contact; and 

said stationan. contact area overlay fiuther comprises at least one layer of electrically 
conductive material adherent to said at least one stationary contact. 

53. The unitary laminate structure of claim 39, further comprising: 

at least one first electrical comiector in electrical contact with said at least one first 
layer of electrically conductive material; and 

at least one second electrical connector in electrical contact with said at least one 
second layer of electrically conductive material. 

54. The unitary laminate structure of claim 53, wherein each said at least one first 
electrical comtector ftinher comprise an extension of said at least one first layer of electrically 
conductive material beyond the periphery of the unitary laminate structure. 

55. The unitary laminate structure of claim 53. wherein each said at least one 
second electrical connector fimher comprises an extension of said at least one second layer of 
electrically conductive material beyond the periphery of the unitary laminate structure. 

56. The unitary laminate structure of claim 53, wherein each said at least one first 
electrical connector and each said at least one second electrical com^ector further comprise a 
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ball grid array electrically connected to said at least one first and second layers of electrically 
conductive material. 

57. The unitary laminate structure of claim 39, further comprising a ground plane 
5 of organic dielectric laminate positioned below said at least one second layer of organic 

dielectric laminate said ground plane adapted to provide an electrical ground for the unitary 
laminate structure. 

58. A method of fabricating laminated-based electromechanical device constructed 
to provide a predetermined output upon an application of a predetermined input thereto, 

10 comprising: 

providing at least one layer of Izuninate having at least one layer of electrically 
conductive material adherent thereto; 

providing a predetermined number of additional layers of laminate as is required for 
the electromechanical device being fabricated; 
15 orienting the layer of laminate and at least one additional layer of laminate in a 

predetermined order to form a stack; 

bonding the stack to form a unitary laminate body; 

forming at least one electromechanical structure from the unitary laminate body, said 
electromechanical structure receiving said predetermined input and providing said 
20 predetermined output; and 

sequentially forming a predetermined number of additional electromechanical 
structures from the unitary laminate body as is required for the electromechanical device 
being fabricated, said additional electromechanical structures receiving said predetermined 
input and providing said predetermined output. 

25 59. The method of claim 58, wherein each of the at least predetermined additional 

layers have at least one layer of electrically conductive material adherent thereto. 

60. The method of claim 59, wherein said forming the at least one 
electromechanical structure further comprises using a predetermined sequence of both 

- 39- 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID; <WO 0044020A2_I_> 



15 



WO 00/44020 PCT/USOO/02145 

subtractive and additive fabrication techniques on said unitary laminate body to form the at 
least one electromechanical structure from the unitary laminate body. 

61. The method of claim 60, wherein the subtractive fabrication techniques are 
one or more selected from etching, ablation, and drilling. 



■ are one or 



5 62. The method ofclaim 60, wherein the additive fabrication techniques I 

more selected from deposition, plating, screen printing, photodefinition, photo-imaging and 
photo resistance. 

63. The method ofclaim 59, wherein said sequentially forming a predetermined 
number of additional electromechanical structures further comprises using a predetermined 

10 sequence of additive and subtractive fabrication techniques on the unitary laminate body to 
form the predetermined number of additional electromechanical structures from the unitary 
laminate body. 

64. The method ofclaim 59, wherein said bonding further comprises laminating 
said stack into a unitary laminate body through a predetermined process of heat and pressure. 

65. The method ofclaim 64, wherein said stacking farther comprises inserting at 
least one layer of adhesive between the layers comprising the stack. 



66. A method of fabricating an electromechanical relay device, the method 
comprising: 

providing at least one first layer of laminate having at least one first layer of 
20 electrically conductive material adherent thereto; 

providing at least one intermediate layer of laminate; 

providing at least one second layer of laminate having at least one second layer of 
electrically conductive material adherent thereto; 

orienting the first, intennediate, and second layers in a predetermined order to provide 

25 a stack; 

bonding the stack to form a unitary laminate body; 
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forming at least one stationary contact in the unitary laminate body; 
forming at least one air gap in the unitary laminate body; and 
forming at least one moving contact in the unitary laminate body. 

67. The method of claim 66, wherein: 

5 the at least one stationary contact is formed from the at least one layer of electrically 

conductive material; 

the at least one air gap is formed by removing a portion of the intermediate layer that 
lies adjacent to the at least one stationary contact; and 

the at least one moving contact is formed from the at least one second layer of 
10 electrically conductive material. 

68. The method of claim 67, wherein said forming at least one moving contact 
further comprises fabricating at least one moving contact from the at least one second layer of 
electrically conductive material. 

69. The method of claim 67, wherein said forming the at least one moving contact 
15 further comprises fabricating at least one selectively moveable contact from the at least one 

second layer of electrically conductive material. 

70. The method of claim 67, fiirther comprising providing an actuator adapted to 
urge the moving contact into contact with the stationary contact. 

71 . The method of claim 70, wherein said providing an actuator fiirther comprises: 
20 providing at least one third layer of laminate below the at least one second layer of 

organic dielectric laminate; 

forming an electrically conductive coil within at least one third layer of laminate; 
providing at least one magnetic material on the at least one moving contact; and 
selectively energizing said electrically conductive coil to cause at least one moving 
25 contact to contact at least one stationary contact. 

72. The method of claim 7 1 , further comprising providing a ground plane below 
the at least one third layer of dielectric laminate. 
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73. The method ofclaim 67. further comprising: 

providing at least one first electrical connector in electrical connection with the at 
least one first layer of electrically conductive material; and 

providing at least one second electrical connector in electrical connection with the at 
5 least one second layer of electrically conductive material. 

74. n^e method ofclaim 73. wherein said providing at least one first electrical 

connector and said providing at least one second electrical connector fisher comprise 
extending at least one of the at least one first layer of electrically conductive material and 
extending at least one of the at least one second layer of electrically conductive material 
10 beyond a peripher>' of the unitary laminate body. 

75. The method ofclaim 73. wherein said providing at least one first electrical 
connector and said providing at least one second connector further comprise electrically 
connecting at least one of the at least one first layer of electrically conductive material and 

— B-'-toneoftheatleastonesecondlayerofel^^^^^^^^^ 
io ball grid array. 

76. ^he method of claim 67 wherpiVi cQiVi K^«^' 

no/, wnerem said bondmg comprises applying a 

prede-en^incd a„„„„, „f h=a, and „ ,„ ^ ^„ ^ ^ 

torm the mtegral laminate body. 



20 



25 



77 A --hod offebricadngtataa^d-based primed ctohboa-ds™* imbedded 
electromechanical devices, comprising: 

providing a, leas, one layer of laminate having a. lea., one layer of electtically 
conductive material adherent thereto; 

""'""""eap.^ie.enninednumberofaddidonallayersoflamina.ea.isrequi^lfor 
Die electromechanical device being fabricated; 

orienting the at least one layer of laminate and the p,«ie,ennin«i n^nber of 
addtnonal layers of laminate in a ptedetennined order ,o fonn a ^ 
bonding the stack to form a unitary laminate body; 

fomring at leas, one electromechanical su^u^ fe„ ^ ^, 
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providing at least one interconnect layer of laminate having at least one layer of 
electrically conductive material adherent thereto; 

forming a printed circuit mounting and interconnect from said interconnect layer, said 
printed circuit board mounting and interconnect adapted to accept active and passive 
5 electronic components; 

stacking the unitary laminate body and the printed circuit mounting and interconnect 
layer in a predetermined order to form a second stack; and 

bonding the second stack to form a unitary laminate printed circuit board with one or 
more imbedded electromechanical devices. 
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